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ABSTRACT 


An  Analysis  of  the  XM129  grenade  launcher  was  conducted 
to  determine  the  dynamic  loads,  the  resultant  stresses, 
and  the  operational  power  requirements.  General  relation¬ 
ships  defining  the  leads  were  derived.  The  equations  were 
evaluated  at  various  points.  Power  requirements  and 
stresses  were  determined  based  upon  these  equations.  The 
results  can  be  used  to  facilitate  the  analysis  of  any 
future  design  changes. 
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A  theoretical  analysis  was  made  of  Che  XM129  grenade  launcher. 

OBJECTIVES 

1.  To  determine  Che  load  and  the  stress  levels  of  the  various 
functional  components  of  the  weapon  under  normal  firing  conditions. 

2.  To  ascertain  the  operational  power  requirements. 

3.  To  provide  general  relationships  which  would  facilitate  analysis 
of  the  effects  of  any  future  design  changes. 

SUMMARY  OF  CONCLUSIONS 

1.  A  firing  rate  of  300  rounds  per  minute  Is  obtainable  with  the  use 
of  a  3/4  horsepower  motor. 

2.  The  stress  levels  of  the  critical  components  are  well  within  the 
allowable  limits. 

RECOMMENDATION 

A  roller  device  should  be  incorporated  in  the  follower  stud  design  to 
reduce  friction  between  the  stud  and  the  stud  guide. 
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1.  INTRODUCTION 

Ths  1X129  i«  an  automatic,  40mm,  grenade  Launcher  powered  by  an  electric 
motor.  The  weapon  haa  a  fixed  breech  and  a  reciprocating  barre).  The 
operation  if  controlled  by  three  came:  the  barrel  cam,  the  locking  cam,  and 
the  feed  cam.  Chambering  if  accomp  1  ithed  ec  ths  barrel  la  driven  rearward 
over  the  round  by  an  internal  drum  type  cam;  this  action  incloaes  the 
cartridge  end  disconnects  the  link  from  the  adjacent  round  'n  the  belt. 

At  the  same  tine,  tht  barrel  cocks  the  firing  mechanism.  When  the  barrel 
reaches  the  rearward  position,  the  locking  cam  provides  trena 1st ionel  motion 
to  a  sliding  barrel  lock  which  engages  e  recess  provided  ir  the  barrel. 

After  th-i  firing  and  dwell  portions  of  the  cycle  have  been  completed,  the 
barrel  is  unlocked  and  driven  forward.  The  feed  cam  then  functions  the 
feed  system,  which  is  a  gear  end  lever  arrangement  driving  e  feed  slide. 

The  weapon  cycle  is  then  completed. 

2.  PROCEDURE 

a.  A  dynamic  force  analysis  was  conducted  to  determine  the  stresses 
and  the  power  requirements.  General  equations,  defining  the  theoretical 
loads  on  the  critical  components,  were  derived.  The  equations  ware  then 
evaluated  and  the  results  tabulated  (Appendix  A). 

b.  The  results  of  the  force  analy^'s  were  used  to  calculate  the  power 
requirements  (Aopendix  B) . 

c.  The  calculated  maximum  stresses  for  the  critical  components  based 
on  the  theoretical  force  analysis  are  given  in  Appendix  C. 

3.  CONDITIONS  OF  ANALYSIS 

Analysis  of  the  XM129  was  based  upon  the  assumptions  that: 

a.  the  rate  of  fire  of  the  weapon  is  300  rounds  per  minute, 

b.  total  weight  of  the  ammunition  belt  is  60  pounds, 

c.  belt  pull  Is  constant, 

d.  coefficients  of  friction  are  value#  believed  reasonable  with  normal 
•urfaca  finishes  and  lubrication  conditions, 

e.  masses  of  relatively  light  components  can  be  ignored, 

£.  bodies  under  load  are  in  a  biaxial  state  of  stress, 

g,  frictional  forces  of  small  magnitude  can  be  neglected. 
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4.  SYMBOLS 

p  Pressure 

Pg  Gear  diametral  pitch 

Pj  Cua  driving  force 

P#  Ammunition  belt  pitch 

Pc  Horirontfll  force  on  feed  lever 

Pt  Feed  gear  conttct  force 

P,  Force  on  cam  follower 

a 

Pi  Total  ammunition  belt  load 

Pjj  Ammunition  belt  inertia  load 

F\. . .  Force 

Q  Link  stripping  force 

T  Torque 

R}...  Reaction  forces 

W  Weight 

Wi  Dynamic  tooth  load 

W#  Ammunition  belt  weight  per  linear  inch 

Wb  Total  ammunition  belt  weight 

Vj  Feed  velocity 

K  Link  extension  rate 

I  Moment  of  inert- ia 

M  Moment 

Y  Gear  tooth  form  factor 

X  Displacement 

X  Velocity 
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4.  SYMBOLS  -  Continued 

X  Acceleration 

JD  ,ld  S  S 

0  Angular  displacement 

uj  Angular  velocity 

oC  Angular  acceleration 

Angies 

U.  ?  e<  Coefficients  of  friction 

a,b,....  Dimensional  constants 
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Schematic  of  Barrel  a -id  Drive  Cam 


5.  BARREL  AND  DRIVE  CAM  ANALYSIS 

The  barrel  aseenfcly  consists  primarily  of  the  barrel  and  a  follower 
stud,  which  is  fastened  to  the  top.  The  oarrel  is  guided  by  a  bearing  at 
the  front  and  by  the  receiver  at  the  rear.  The  reactions  at  the  points 
are  shown  on  the  barrel  free  bo  -Uagrams  (Sheet  2,  Appendix  A)  as  Rj, 

R?«  F^,  and  F2«  Rotational  mot^n  is  prevented  by  tht  follower  stud 
which  is  guided  by  a  longitudinal  slot  in  a  tube  encircling  the  barrel. 

The  reaction  at  this  point  is  designated  by  T\. 

In  the  cam  development  (Sheet  1  Appendix  A ),  X  is  the  longitudinal 
displacement,  R  is  the  cam  radius,  and  6  is  angular  displacement.  From 
the  development,  it  can  be  seen  that  the  barrel  is  accelerated  or  decel¬ 
erated  in  four  areas.  In  these  areas,  the  displacement  equation  is  parabolic, 
which  results  in  constant  acceleration  (Sheet  1,  Appendix  A).  This  means 
that,  at  any  particular  speed,  the  only  variables  in  the  analysis  result 
from  the  geometric  configuration.  Maximum  force?  were  determined  by  use 
of  dynamic  equilibrium  equat ions  derived  at  the  eight  points  indicated  on 
the  cam  layout,  at  the  beginning  ana  end  of  each  parabolic  segment.  The 
equations  were  evaluated  at  these  points  v  th  the  use  of  the  dimensions 
obtained  from  drawings  and  layouts.  The  r  suits  are  tabulated  on  Sheet  6, 
Appendix  A. 

In  the  preliminary  calculations,  an  asumed  coefficient  of  eliding 
friction  of  0.2  was  used  This  resulted  in  longitudinal  friction  forces 
higher  than  the  driving  force;  in  which  case,  the  ma<  Hanlan  would  be  self- 
locking.  A  coefficient  of  0.15,  however,  would  give  satisfactory  results. 

In  the  field,  the  presence  of  dirt,  wear,  etc.,  could  cause  the  coefficient 
to  reach  the  0.2  value,  resulting  in  stalling.  Sint*.  the  major  portion  of 
the  friction  occur*  at  the  interface  between  the  follower  stud  end  the  guide 
tube,  a  roller  device  should  be  incorporated  at  this  point  to  Insure  that  the 
friction  remains  lew. 
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The  feed  cam  Is  s  face  cam  secured  to  the  rear  surface  of  the  cam  drum. 

The  cam  imparts  motion  to  a  follower  Uin.ii  rotates  the  leed  lever.  The 

rotary  motion  is  transferred  through  gear  segments  to  the  feed  arm  which 
in  turn  drives  the  feed  slide.  The  feed  slide  is  guided  ip.  the  feed  tray 
and,  by  means  of  a  pawl,  leeds  the  ammunition  belt. 

The  belt  load  was  calculated  based  on  a  constant  feed  velocity  (Sheets 
10,  11,  12;  i.npendix  A).  An  expression  was  derived  (Sheet  13, Appendix  A) 
by  equating  the  input  and  output  torque®  in  terms  of  the  cam  contact  force. 

By  usa  of  this  aquation,  the  point  ar  which  the  maximum  cam  force  occurred 
was  determined.  Free  body  diagrams  were  then  drawn  for  the  individual 
components,  and  aquations  relating  the  forces  were  derived.  The  dimensions 
corresponding  to  the  point  of  maximum  car  contact  force  were  substituted, 
and  the  forces  on  each  component  calculated  (Sheets  14  through  17,  Appendix  A). 

7.  PGVEl  ANALYSIS 

The  power  required  to  operate  the  gun  at  a  constant  velocity  is  composed 
of  two  component s:  the  power  required  to  drive  the  barrel  and  the  power 
required  to  function  the  feed  system. 

The  power  is  the  product  of  the  average  torque  end  the  angular  velocity. 
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7.  POWER  ANALYSIS  -  Contlnu«d 

The  torque  curvet  ere  plotted  on  Sheets  2  end  3,  Appendix  B.  The  everege 
torque  is  the  aree  under  f'»e  curve  divided  by  360  degrees.  By  use  of  the 
average  torque,  the  power  requirement  was  calculated  (Sheet  4,  Appendix  B) . 

The  operating  power  is  0.70  HP. 

The  power  required  to  accelerate  the  gun  to  operating  speed  in  1.25 
revolutions  can  be  approximated  (Sheet  5,  Appendix  B) .  The  moment  of 
inertia  of  the  rotating  parts  was  calculated  and  the  accelerating  horsepower 
was  calculated  (Sheet  6,  Appendix  B) .  The  accelerating  power  requirement 
is  0.49  HP. 

8.  STRESS  ANALYSIS 

a.  The  maximum  forces  (Appendix  A)  were  used  to  calculate  the  stresses 
on  the  feed  system  components  (Sheet  1-7,  Appendix  C) .  The  maximum  stress 
developed,  ^hich  is  less  than  60,000  psi,  is  within  the  allowable  limits. 

b.  The  furies  determined  (Appendix  A)  were  used  to  calculate  the  stresses 
on  the  barrel  lock  and  on  the  barrel  cam  follower  (Sheets  8  and  9,  Appendix  C) . 
The  atresses  here  are  only  5000  psi  (shear)  in  the  lcck  and  4,400  pal  in  the 
follower. 

c.  The  stresses  in  moat  of  the  components  are  of  low  magnitude.  Thia 
indicatea  that  the  usa  of  either  low  strength  steels  to  decrease  cost  or 
lightweight  alloys  to  reduca  weight  is  possible. 
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BARREL  FORCE  ANALYS  IS  -  Continued 
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BARREL  FORCE  ANALYSIS  -  Continued 
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BARREL  FORCE  ANALYSIS  -  Continued 
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BARREL  FORCE  ANALYSIS  -  Continued 
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BARREL  FORCE  ANALYSIS  -  Continued 
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BARREL  FORCE  ANALYSIS  -  Continued 
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